ABSTRACT Fifty five patients with 108 coronary bypass saphenous vein grafts were studied at necropsy. The mean duration of the grafts was 153 days (SD 516). The luminal narrowing of the native coronary arteries proximal to, at, and distal to the vein graft anastomoses and the narrowing of the non-grafted arteries were evaluated planimetrically. Twenty nine per cent of coronary arteries distal to graft anastomoses showed at least 76% narrowing and 50-75% occlusion was seen in 39% of such arteries. Fifty three per cent of non-grafted arteries showed at least 76% luminal narrowing and 26% had 50-75% narrowing. Six patients (11%) had surgically induced dissection of coronary arteries. Seventy seven vein grafts (71%) showed no appreciable luminal narrowing. Problems related to operative technique caused 30% of the deaths.
cans.' In the United States 750000 deaths a year are estimated to be due to coronary occlusion and more than I 000 000 people are affected with angina pectoris.3 Coronary arterial bypass vein grafting has been the most important advance since 1969 for the management of the patient with moderate to severe symptoms from angina due to obstructive atherosclerotic coronary arterial disease. 4 Coronary bypass surgery has become the most commonly performed heart operation5 in the United States (170000 operations were performed in 1983). About 150 such operations are currently performed annually in our institution. Several papers give the clinical results of coronary bypass surgery both in our institution6 and in other South African hospitals.7- 1 All patients with unstable angina are potential candidates for reperfusion (thrombolysis, percutaneous transluminal coronary angioplasty, or coronary bypass surgery), or any combination of these; the type of reperfusion used will depend on individual (and hospital) experience and expertise as well as on the findings in the individual patient. " Routine angiography after a coronary bypass operation may produce artefactual "occlusion" caused by altered or competitive flow relations. 2 Postmortem studies yield more reliable data. While several reports record the morphological observations in vein grafts and in native coronary arteries of patients who had died after coronary bypass surgery, '3 -22 only two23 24 give data on the state of the native coronary arteries proximal to, at, and distal to the vein graft anastomoses.
The present report emulates the latter two studies and also records the state of the non-grafted coronary arteries and the myocardium. The principal cause of death in each patient is also identified.
Methods
The hearts studied were from 55 patients who died at various times after coronary bypass surgery for obstructive coronary disease. These represented all of the specimens from cases in which this operation was performed and received for examination up till the end of June 1984. Surgically resected failed vein grafts from three additional patients were also examined during the study period. Three surgical services were concerned, but 44 Fifty three per cent of non-grafted arteries showed more than 75% luminal narrowing by atherosclerosis and 26% showed 25-50% narrowing. Twenty nine per cent of coronary arteries distal to the site of vein graft anastomoses showed more than 75% luminal narrowing ( fig 1) . These latter arteries were present in 22 patients, six of whom showed acute myocardial necrosis; three of the latter group also showed thrombosis of the relevant vein graft (fig 2) . Seventeen of these 22 patients had died less than 14 days after operation (mean (SD) survival 1.9 (3.9) days). Thirty nine per cent of arteries distal to the vein graft anastomosis showed grade 3 luminal narrowing. Only one quarter of acutely thrombosed vein grafts had grade 4 (76% or more) arterial luminal obstruction distal to the anastomosis.
Only one patient underwent bypass grafting for coronary dissection, which had been induced by cardiac catheterisation. Six other patients (11%) had recent coronary arterial dissection at the level of the vein graft. None of these patients had associated aortic dissection, all had been operated on for coronary atherosclerosis, and in each case the dissection had not been noted at the time of the bypass surgery. The left anterior descending coronary artery was affected in five instances and two patients also had a dissection of the left circumflex coronary artery. All six of the Table 1 Grades of arterial narrowing (as assessed by planimetry) in grafted and non-grafted coronary arteries ofpatients undergoing postmortem examination after coronary bypass surgery
Coronary arteries
No (%) with grade of luminal narrowing 1 (<25%) 2 (25-50%) 3 (51-75%) 4 (>76%) Non-grafted (n = 53) 3 (6) 8 (15) 14 (26) 28 (53) Proximal to anastomosis (n = 108) 1 (1) 8 (7) 40 (37) 59 (55) Distal to anastomosis (n = 108) 19 (17) 16 (15) 42 (39) 31 (29) Rose surgically induced dissections produced severe luminal obstruction. State of the vein grafts, native coronary arteries, and myocardium and principal cause of death in patients dying after aortocoronary bypass grafting (57) 3 (43) 1 (14) 1 (14) (n = 7) >30
4 (44) 2 (22) 1 (11) 1 (11) (n = 9) Total 32 (58) 15 (27) 9 (16) 10 (18) (n p 55) Bulkley and Hutchins65 report that coronary artery reflow through widely patent grafts after the period of operative non-perfusion (rather than graft or intrinsic coronary artery occlusion) accounts for most of the operation related myocardial "infarcts" associated with coronary bypass surgery. Robinson et a!66 observed myocardial necrosis with contraction bands or haemorrhagic myocardial necrosis (or both) in the hearts of 44 out of 50 patients. They attribute subendocardial haemorrhagic myocardial necrosis to hypoperfusion of the myocardium, whereas contraction band necrosis had a multifactorial aetiology-for example, anoxic arrest, cardiotonic drugs, electrical defibrillation, electrolyte imbalance, microthrombi, and hypoperfusion. Keon et a!67 observed perioperative myocardial infarction caused by atheroembolism: the emboli originated from vein graft ostia in ulcerated atherosclerotic aortas, from coronary endarterectomy sites, or from operative disruption of plaques in coronary arteries having bypass surgery. Others have studied the ultrastructural features produced by reperfusion of ischaemic myocardium.68 69 Reperfusion of ischaemic myocardium induces slow structural recuperation after reversible injury, and acclerated cellular destruction after irreversible ischaemic injury. Willerson et a!70 believe that the frequency of perioperative infarction depends on the clinical condition of the patient, the technical skill of the operating team, and the type of myocardial protection used, as well as the diligence with which this diagnosis is sought.
Important findings to emerge from the present study include a high incidence of severe coronary arterial disease in non-grafted major coronary arteries as well as in the distal segments of grafted arteries. These
